H K. Effects of recruitment strategies on response rates and risk factor profile in two cardiovascular surveys. International Journal of Epidemiology1996; 25: 763-769. Background. The study was set up to assess the effect of recruitment methods on participation rate, response bias and cardiovascular risk factor estimates. Methods. Two random samples of men and women in Halifax County aged 25-74 were drawn from the same sampling frame. Their respective sizes were 1007 (NSHHS) and 3036 (MONICA) people. Recruitment by Nova Scotia Heart Health Survey (NSHHS) was through face-to-face contact, whereas the MONICA survey relied on invitation by mail. Outcome measures were response rates at various stages of the recruitment process and the differences in cardiovascular risk factor estimates.
It is becoming increasingly difficult to recruit individuals into health surveys. Ethics committees impose more severe constraints on recruitment procedures to protect the privacy of prospective participants. The standard methods of inviting people into a study, either by mail or by telephone, are also widely used by aggressive tele-marketing organizations that have made individuals reluctant to respond to any of these approaches. New technologies, like telephone answering machines and calling number displays, allow individuals to screen out unwanted phone calls. Bulk mailings are often discarded without being opened and it requires registered mail to elicit a response from a certain percentage of the population.' Furthermore, the rising prevalence of surveys, even in the health field, may have created a survey fatigue in the population. Together, these factors have made it difficult to achieve high response rates. As was pointed out by Evans, 2 there are two major sources of bias that limit the inferences one can draw from survey results, namely non-randomness of the selected sample and non-response. O'Toole has recently reviewed the relationship between subject selection and quality of health surveys. 3 He indicates that even when investigators carefully select the sampling frame and perform proper statistical sampling, non-respondents pose a particularly serious problem. Since little information is usually available about the non-respondents, their exact influence on the survey variables cannot be determined. As Warwick and Lininger 4 pointed out, the willingness to participate in surveys is the result of a number of positive and negative forces on the part of prospective participants as well as the interviewer. These forces are different from survey to survey and thus, no general rules about non-response bias can be established. However, characteristics of non-respondents have been studied by many investigators, who had access to secondary sources of information. Some of these studies, covering different subject matter, found that non-respondents were less healthy than respondents 5 " 7 or that respondents had better health behaviour but more family history of chronic diseases. 8 Similarly, a voluntary work-site medical surveillance programme found a higher 5-year mortality among non-participants, suggesting that non-participants were more ill. 9 On the other hand, some studies found less disease prevalence or risk in non-respondents than in respondents. l0~12 In either case, response bias was present, but the effect on the prevalence estimate differed in direction.
The recruitment method can influence response rate. Marcus et a/.
13 reviewed the role of telephone surveys in health research and found that in general, they encounter about 10-20% higher non-cooperation than faceto-face contacts. According to his findings, telephone respondents are somewhat younger and better educated, with higher family income than face-to-face respondents. In a survey on sexually transmitted diseases the response rate for an in-person interview and a mailed, self-administered questionnaire were not significantly different.
14 A breast cancer survey compared mail and phone survey methods and found no significant differences in response rates.' 5 Parallel phone and mail surveys on respiratory disease produced initial response rates of 72.7% and 68.5%, not an important difference. 16 To assess the validity of survey data researchers often compare their findings with other databases, as was done by the Lipid Research Clinics (LRC) investigators'
7 who compared the LRC data with the National Health and Nutrition Survey (NHANES II). Such a process usually requires major assumptions and adjustments to account for operational and procedural differences. Rarely is it possible to compare the results of two essentially identical surveys. However, such an opportunity arose when the Nova Scotia Heart Health Survey (NSHHS) and the MONICA survey measured concurrently the population profile of cardiovascular risk factors in the same population. The two surveys selected their sample subjects from the same sampling frame, used very similar survey instruments and measurement tools, but differed in the method of subject recruitment. We were therefore able to determine the effect of the recruitment method on response rate and the risk factor estimates.
METHODS
In order to facilitate appreciation of our findings we describe briefly the methods used by the NSHHS and the MONICA survey. The objective of NSHHS was to estimate the cardiovascular risk factor profile of the province of Nova Scotia by testing a random sample of the population. In order to account for the non-uniform population density the random sample was stratified by county. The MONICA survey was designed to estimate the cardiovascular risk factor profile of Halifax County, one of the counties covered also by NSHHS. The survey results for Halifax County form the basis of the present study.
Sampling Frame and Subject Recruitment
Both surveys used the Medical Service Insurance (MSI) register of the Province of Nova Scotia as the sampling frame. This register contains the name of every resident of Nova Scotia who is covered by the publicly funded health care system, which is essentially the total population. However, since there exists no systematic mechanism for deleting individuals from the register who have died or moved from Nova Scotia the register also contains the names of an unknown number of empty listings, 18 i.e. register entries that refer to people who are no longer members of the target population. Despite this problem both studies used the sample frame because it permitted stratification by age and gender. Random samples were drawn from the MSI register without replacement for the MONICA survey and NSHHS. The random samples were stratified by gender and 10-year age groups for the age range 25-64 years. Enrolment for the NSHHS occurred as a result of a visit by a public health nurse to the prospective participant's home. If the resident was not reached at the first visit, up to three repeat visits were made. Because of privacy considerations the MONICA survey mailed invitation letters to the random sample with a request to indicate by prepaid reply mail whether they were willing to participate in all aspects of the survey, or at least answer the questionnaire, or did not wish to take part at all. Refusers were not contacted again. Non-respondents received a second letter and if there was no response, they were not pursued further.
Data Collection
The NSHHS recorded blood pressure and collected blood samples for lipid analysis in public health clinics.
Blood sampling and blood pressure recording for the MONICA survey occurred either at health clinics, research laboratories, or in a survey van.
The two surveys used different blood pressure instruments. The NSHHS employed a standard mercury sphygmomanometer, whereas the MONICA survey used a device with randomized display 19 to reduce terminal digit preference and observer bias. The average of two blood pressure measurements taken with the subject in sitting position was used for analysis.
The procedure for blood sampling was the same for both studies. However, NSHHS analysed plasma that had been shipped on ice to a central laboratory, whereas the MONICA survey determined blood lipids from serum.
Both surveys observed the AHA recommendations for subject preparation, cuff selection, and blood pressure reading 20 and both blood chemistry laboratories were under external quality control. Technicians for both blood sampling procedures underwent identical training.
Data Analysis
Variable definition. Each subject's participation was classified as either not located, refused, questionnaire only, or full participation. A subject was classified as not located if he or she could not be found by the NSHHS nurses or if the letter was not returned in the MONICA survey; refused in NSHHS means that the subject was located, but refused to participate, and in the MONICA study it means that a letter was returned indicating refusal to participate; questionnaire only defines a subject who agreed to be interviewed but gave no blood sample; and full participation specifies subjects who answered the questionnaire, had their blood pressure measured and provided a blood sample. Age was categorized into 10-year age groups. We differentiated between post-secondary (>12 years of schooling) and secondary (=512 years of schooling). Subjects were classified as smokers if they indicated that they smoked one or more cigarettes per day on a regular basis. Lipid measurements and blood pressures were defined as previously described.
Statistical Procedures
The association of age, gender, and study on response rates, education levels, and smoking prevalence was analysed by logistic regression. The effects of age, gender, study and education on blood pressure and blood lipid measurements were analysed with an ANOVA/ MANOVA procedure. Observer effects on blood pressure responses were also analysed using the digit preference and identical measurement tests described by Hense et al. 2] All logistic regressions were performed with PROC CATMOD and all ANOVA/MANOVA results were performed with PROC GLM in the SAS system. 22 
RESULTS

Response Rates
A total of 1007 Halifax County residents were selected for the NSHHS study, and 3036 for the MONICA study. Participation counts and percentages are shown in Table 1 . NSHHS selected a sample weighted by age group whereas the MONICA survey had approximately equal sample sizes for each age group. Therefore, we investigated whether the selection process impacted on the ability of subjects to be located, and their willingness to participate. We also examined whether age or gender affected these outcomes. In all logistic regression models interaction terms were not significant. Therefore, all models include only main effects.
To test if locating rates depended on age, gender or study a logistic regression was performed using notlocated versus located as the response variable. The results indicate that NSHHS subjects were more likely to be located (P < 0.0001) than MONICA ones. The estimated probability of locating a subject was higher for older people than young ones (P < 0.0001). Weighting the age-gender groups equally, the estimated probability of locating a subject was 0.52 for NSHHS and 0.479 for MONICA. It increased monotonically with age from 0.391 for the 25-34 age group to 0.651 for the 55-64 age group. Gender did not significantly influence the locating rate (P = 0.62).
To test if amongst located subjects refusal rates varied between age, gender or study groups we used refused versus questionnaire-only or full participation as the response variable. The NSHHS study subjects were more likely to participate (/> < 0.0001) and the 35-44 age group was the most likely to participate. Comparison with the other age groups revealed that the 55-64 age group was less likely to participate than the 35-44 age group (P = 0.013) or the 45-54 age group (P = 0.027). Differences between other age groups were not significant, nor were the differences between gender groups (/> = 0.69).
To test if amongst participating subjects, questionnaire-only versus full participation depended upon age, gender or study we carried out a logistic regression using questionnaire-only versus full participation as the response variable. The results demonstrate that full participation was more likely for MONICA study participants (P = 0.004) and male subjects (P = 0.055). Differences between age groups were not significant (P > 0.25). Table 2 contains for the 371 NSHHS and the 857 MONICA subjects the proportion of people whose highest level of education is either primary (<7 years), secondary (7-12 years), or post-secondary (>12 years). To test if the level of education attained differs between the two surveys a logistic regression used education level as the response variable and study, gender and age group as explanatory variables. The results indicate that MONICA subjects are more likely than NSHHS subjects to have post-secondary education versus primaryonly education (P = 0.001), and more likely to have post-secondary education versus secondary education (P < 0.0001). Education levels also varied with age (P < 0.0001) and gender {P = 0.015). Table 3 summarizes the results of various multivariate regression analyses to determine the effect of the recruitment scheme on risk factor estimates. The effect on the proportion of smokers was determined by a logistic regression model. No difference between the two studies was found (P > 0.15). Analysis of variance was used to investigate whether the study design had an effect on the estimates of the mean values for body mass index (BMI), blood pressures and blood lipids. The results indicate that BMI did not differ significantly between the studies. Systolic blood pressure was significantly higher in the NSHHS group (P = 0.0001). There was also a slightly, but not significantly higher diastolic blood pressure in NSHHS (P = 0.68). From the serum lipids we analysed total cholesterol and HDL for a study effect. The MONICA study had significantly higher total cholesterol and HDL values (P = 0.0001).
Education Level
Smoking, Body Mass Index, Blood Pressures and Blood Upids
All regression models had age, education and gender as covariates. Their influence was in the expected direction, i.e. blood pressures and lipid levels increased with age, smoking rate decreased with age and education level.
DISCUSSION
The comparative analysis of the MONICA and Nova Scotia Heart Health survey demonstrated that the most pronounced differences between the two surveys existed in recruitment success. The fraction of the random samples that could be located by either survey was low, which is probably due to the presence of a large number of empty listings in the MSI register. But the lower fraction located by MONICA as compared with NSHHS is a reflection of the difference in locating procedures.
The face-to-face contact with a public health nurse used by NSHHS may have persuaded a greater number of reluctant candidates than the invitation by mail, as employed by MONICA. In the MONICA survey reluctant candidates were counted as not located if they ignored both of their two invitation letters and if their address could not be verified in the telephone directory, either because they had an unlisted phone or no phone at all. In addition, the MONICA survey sent only two invitation letters, whereas NSHHS made up to four house calls. The presence of a larger number of reluctant candidates in the NSHHS is suggested by the larger fraction of participants who agreed only to an interview but refused the blood sampling. The two surveys were very similar in their ability to locate age groups. Younger individuals were less likely to be found than older people, presumably due to the higher mobility among the young. The difference between face-to-face and mail contact is probably also responsible for the higher refusal rate of 34% in MONICA compared with 18% in NSHHS. The refusal rates ranged from 22.3% for age group 35^t4 to 28.9% for age group 55-64. While this difference is not large, it is statistically significant. It may reflect the higher rate of older people already under active medical care who prefer not to undergo additional health related tests.
The higher rate of participation in the blood analysis by MONICA participants may be partly due to a higher degree of commitment among those responding to an invitation letter. In addition, MONICA participants did not have a second laboratory visit and thus had to make less commitment.
The participants of the two surveys differed substantially in their education level. A significantly larger proportion of MONICA participants had postsecondary education. This is expected, since respondents to mail recruitment are required to comprehend and respond to the written study description and invitation, whereas respondents to door-to-door recruitment receive mostly verbal communication. Published census data are available about education level for 95% of the survey population. According to these data the population estimate of post-secondary education is 59.5%. This compares with similar estimates of 65.0% based on MONICA and 48.8% based on NSHHS respectively. We can only speculate why one recruitment method caused an under-representation of people with postsecondary education, whereas the other resulted in over-representation. However, the bias of survey participants by education level has an important implication for population risk factor estimates, since smoking, body mass index, and systolic blood pressure are significantly influenced by education level.
If we accounted for the different participant profile of the two surveys by controlling for age, gender and level of education, then only the estimates for serum lipids and systolic blood pressure were significantly different in the two surveys. Systolic blood pressure was on average 5.7 mmHg higher in NSHHS. Two factors may account for this observation. A seasonal effect may have contributed to the higher NSHHS measurements, since the NSHHS was conducted mainly during late winter, whereas the MONICA survey was conducted throughout the year. However, the magnitude of the seasonal effect in this population should be only about 2 mmHg, if the findings of the MRC mild hypertension trial are considered. 23 Part of the blood pressure difference could be due to the fact that the NSHHS used standard mercury sphygmomanometers and MONICA employed electronic random-zero sphygmomanometers. Several studies have found that standard mercury devices tend to produce about 2 mmHg higher measurements than random-zero devices. 24 " 26 For total cholesterol and HDL the values of MONICA were higher on average by 0.44 and 0.15 mmol/1 respectively. Although we do not have a definite explanation for this difference the most likely cause is in the laboratory procedures, despite the fact that both laboratories were under external quality control and their performance was judged to be well within acceptable limits. Part of the observed difference is probably due to the use of plasma by NSHHS and serum by MONICA. It has been shown that serum values of cholesterol are approximately 3.6% higher than plasma values. 27 After adjusting for the plasmaserum effect the difference between MONICA and NSHHS total cholesterol is reduced to 0.28 mmol/1, which represents 4.8% of the MONICA mean value. Acceptable performance of a lipid laboratory allows for biases of ±3%. A difference of 4.8% is therefore possible, if the MONICA laboratory had performed with a positive bias and the NSHHS with a negative bias. However, external quality control data indicate that both laboratories had small negative biases in the range of -0.5% to -2.9%. Therefore the residual difference of 4.8% between MONICA and NSHHS remains unexplained.
CONCLUSIONS
The comparison between MONICA and NSHHS has confirmed the finding of other studies that face-to-face contact results in a higher rate of enrolment than invitation by letter. However, neither method produced an unbiased representation of the education level in the population. This is important since we found that the rates for smoking and systolic blood pressure were dependent on level of education. If we can confirm through future studies that the observed differences in blood lipid levels and systolic blood pressure have a methodological explanation, as suggested, then we may conclude that stable risk factor estimates are achieved after controlling for gender, age and level of education, despite significantly different survey response rates.
